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Abstract 
Background: The Short Form 12-item Health Survey (SF-12v2) was originally developed in English, but it is also avail-
able in Hong Kong (HK) Chinese. While both language versions had their measurement properties well assessed in 
their respective populations, their measurement invariance in scores has not been examined. Therefore, we aimed to 
assess their measurement invariance.
Methods: We conducted a cross-sectional study on individuals aged 18 years or older at a university campus. Those 
who were bilingual in English and Chinese were randomly assigned to self-complete either the standard English 
or the HK Chinese SF-12v2. Measurement invariance of the two components and eight scales of the SF-12v2 was 
concluded if the corresponding 90% confidence interval (CI) for the difference between the two language versions 
entirely fell within the minimal clinically important difference of ± 3 units. Multiple-group confirmatory factor analysis 
(CFA) was also performed.
Results: A total of 1013 participants completed the SF-12v2 (496 in English and 517 in HK Chinese), with a mean age 
of 22 years (Range 18–58), and 626 participants (62%) were female. There were no significant differences in demo-
graphics. Only the physical and mental components and the mental health (MH) scale had their 90% CIs (0.21 to 1.61, 
− 1.00 to 0.98, and − 0.86 to 2.84, respectively) completely fall within the ± 3 units. The multiple-group CFA showed 
partial strict invariance.
Conclusions: The English and HK Chinese versions of the SF-12v2 can be used in studies with their two components 
and MH scores pooled in the analysis.
Keywords: Measurement invariance, Confirmatory factor analysis, Equivalence range
© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat iveco mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco 
mmons .org/publi cdoma in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
Background
Self-reported outcomes have been commonly used in 
clinical studies for assessing the health status or well-
being of individuals. These days, most countries are 
multicultural with a diverse population comprising dif-
ferent ethnic or language groups. Conducting large-scale 
epidemiological studies in these places or across coun-
tries requires using instruments in different languages. 
Although each language version may have undergone 
rigorous linguistic and psychometric evaluation in its 
corresponding population, the resulting scores from the 
different language versions may not be directly compara-
ble for at least two reasons. First, there may be potential 
differences in the understanding of items across differ-
ent languages. For instance, the scores of one-third of the 
domains and facets of the WHOQOL-BREF were found 
to be different between the English and Hindi versions 
in individuals bilingual to the two languages [1]. Second, 
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the corresponding population norms may also be differ-
ent. In general, under the Universalist model of equiva-
lence, there are six types of cross-cultural equivalence 
to be assessed before concluding an instrument is cross-
culturally valid [2]. They are conceptual equivalence, 
item equivalence, semantic equivalence, operational 
equivalence, measurement equivalence, and functional 
equivalence [2, 3]. Conceptual equivalence refers to the 
same scale structure across the different language ver-
sions, whereas item equivalence and semantic equiva-
lence refers to the same appropriateness and meaning, 
respectively, of individual items. Operational equivalence 
concerns with whether the instrument format, mode of 
administration and measurement methods are equally 
appropriate across the different language versions. 
Measurement equivalence, or also called measurement 
invariance, assesses the comparability of measurement 
properties of different language versions of an instru-
ment. It is also related to conceptual equivalence when it 
comes to the comparison of construct validity. Functional 
equivalence is defined as the extent to which the differ-
ent language versions measure equally well in what they 
should be measuring. It involves collective appraisal of 
other types of equivalence in the context of application.
The Medical Outcome Survey’s (MOS) Short-Form 
36-item Health Survey (SF-36) has been a widely used 
health-related quality of life instrument applicable to the 
general population [4]. It comprises eight scales in two 
component summary scales—physical and mental [5]. 
A shorter form 12-item version SF-12 was developed to 
resemble the two component summary scales of the full 
version. To improve the discrimination and consistency 
of format, it was further revised to SF-12v2 by increas-
ing the number of response options of four items from 
2 to 5, and reduce that of two items from 6 to 5 [6]. The 
SF-12v2 is available in 148 languages, including Chi-
nese. The measurement invariance of the SF-12v2 was 
assessed in 361 European-American, 187 Latina, and 
107 African American postpartum women [7]. A great 
degree of measurement invariance was found across the 
three ethnic groups. However, the study involved post-
partum women only and did not consider the Chinese 
population. Another larger-scale study assessed the con-
struct validity of the SF-12v2 across seven ethnic groups, 
including 175 Chinese participants [8]. However, only the 
scores from the different ethnic groups were compared 
without any assessment of measurement invariance. Yet, 
the English and Chinese versions of the SF-12v2 were 
used in the same multi-cultural study [9].
Both the English and the Chinese versions of the SF-
12v2 have had their psychometric properties well evalu-
ated in the corresponding language groups. However, 
the measurement invariance and the extent to which the 
standard English and Chinese versions of the SF-12v2 are 
different have not been assessed. Measurement invari-
ance of a self-reported instrument has been traditionally 
assessed by multiple-group confirmatory factor analysis 
(CFA) [10]. If a self-reported instrument demonstrated 
configural, metric, scalar, and strict invariance, the 
instrument could be considered measurement invariant, 
and the scores from different groups could be compared 
as if they were obtained from the same language version 
[11]. Alternatively, item response theory (IRT) has also 
been proposed to assess measurement invariance by dif-
ferential item functioning [12]. The two approaches have 
different assumptions and provide different information 
on measurement invariance. IRT methods provide more 
information at the item response level, i.e. the difficulty 
parameters; whereas multiple-group CFA provides infor-
mation on the relationship between latent factors and 
thus has been recommended when examining the equiv-
alence of a multifactorial framework [12]. Nevertheless, 
in either approach, the involvement of clinical signifi-
cance is limited. An instrument may have its scores differ 
across different language groups by only an insignificant, 
small difference, but it still may not attain invariance, 
especially when the χ2 statistic that is sensitive to sample 
size is used. On the other hand, a scale showing invari-
ance in multiple-group CFA may still exhibit a discern-
ible difference.
Hence, this study aimed to assess the measurement 
invariance of the English and Chinese versions of SF12v2, 
involving both statistical and clinical assessments.
Methods
Design
This was a cross-sectional study of Hong Kong (HK) Chi-
nese adults who were bilingual in both English and Chi-
nese. They were randomized to self-complete either the 
English or the HK Chinese version of the SF12v2, while 
all of them provided their demographic information. All 
participants consented to participate in the study before 
they completed the questionnaires. The study protocol 
and informed consent form have been approved by the 
local institutional review board (IRB reference number: 
UW13-423).
Subjects
We included subjects who were at least 18 years old and 
were able to read both English and Chinese. They were 
recruited by advertising the study in a local institution 
via posters and emails. In addition, we had also set up 
recruitment booths at the university campus to facilitate 
study participation.
There was no definite sample-size requirement for test-
ing the measurement invariance. However, a simulation 
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has shown that the sample size of 400 per group would 
yield 50 to 100% power of a measurement invariance test 
[13]. Hence, we planned to recruit 1000 subjects who 
were bilingual in English and Chinese to have 500 sub-
jects in each language group.
Measurements and procedures
We used both the English and HK Chinese versions of 
the standard SF-12v2 that was composed of 12 items. The 
SF-12v2 provides a physical component score (PCS) and 
a mental component score (MCS) and scale scores for 
physical function (PF, 2 items), role physical (RP, 2 items), 
bodily pain (BP, 1 item), general health (GH, 1 item), 
vitality (VT, 1 item), social function (SF, 1 item), role 
emotion (RE, 2 items), and mental health (MH, 2 items). 
The SF-12v2 and the permission to use it were obtained 
from Optum (URL: optum.com). We also assessed the 
participants’ demographics, including age, gender, mari-
tal status, employment, and medical history.
The questionnaire was administered both online and 
in paper form. In either mode, an eligible subject was 
first asked for their language preference as either Eng-
lish, Chinese, or bilingual. Those who indicated that they 
were bilingual were randomly given either the English or 
the Chinese version of the questionnaire on a 1:1 ratio by 
computer and a preset randomization list for the online 
and paper administration modes, respectively.
Statistical analysis
The analysis included subjects who were bilingual in 
English and Chinese. The scores of the eight scales and 
the two US norm-based components from the two lan-
guage versions of the standard SF-12v2 were obtained as 
instructed in the scoring manual [14]. Briefly, the items 
were first re-coded or re-calibrated before the score of a 
scale was obtained as the simple algebraic sum of the cor-
responding item(s) standardized on the 0–100 scale. The 
two component scores were obtained as weighted sums 
of all score scores standardized by the US norms. The 
PCS was primarily indicated by PF, RP, BP and GH and 
thus weighted more on these scales, while MCS was pri-
marily indicated by VT, SF, RE and MH and had higher 
weights on them.
To assess the measurement invariance of the SF-
12v2 across the two languages, we first assessed the 
two-factor structure of the SF-12v2 by performing 
a confirmatory factor analysis (CFA) of participants 
who completed all the items of the SF-12v2 [15]. The 
diagonally weighted least square estimation method 
that accounted for the ordinal nature of the items was 
used to obtain the fit indices, including the root mean 
square error of approximation (RMSEA), the standard-
ized root mean square residual (SRMR), the compara-
tive fit index (CFI), and the Tucker–Lewis index (TLI). 
They covered the parsimony correction, absolute fit, 
and comparative fit, as recommended [16]. A model 
was considered of adequately good fit when RMSEA 
was close to 0.06 or lower, SRMR was close to 0.08 or 
lower, and CFI and TLI were close to 0.95 or greater 
[17]. Error covariances were added when the modifi-
cation index was large and were identified in previous 
studies [7, 15].
Upon confirming the two-factor structure, we tested 
a series of increasingly restrictive hypotheses: con-
figural, metric, scalar and strict invariance. Configural 
invariance refers to the same factor structure across 
groups. It was assessed by restricting the same two-
factor structure across the two languages in a multiple-
group CFA. When the corresponding fit indices fell 
within the afore-mentioned criteria, the two language 
versions have the same latent constructs indicated by 
the same set of items. Metric invariance refers to the 
same factor loadings across groups. It was assessed by 
further restricting the same factor loadings between 
the two language groups. A change (Δ) of 0.01 or below 
in RMSEA and CFI was considered of adequate invari-
ance [18]. Attaining metric invariance suggests the 
constructs of the two languages have the same mean-
ing to the subjects. Scalar invariance refers to the same 
level of a construct across groups. It was then by fur-
ther restricting the same intercept across the two lan-
guage groups and examining if both ΔRMSEA and 
ΔCFI < 0.01. If scalar invariance was demonstrated, the 
scale/component scores of the two language groups can 
be compared by the corresponding means. Strict invar-
iance refers to the same item residuals across groups. 
It was assessed by additionally restricting equal resid-
ual variances and the Δ was assessed. Strict invariance 
means the same variances of the scales and components 
of the two language groups. If strict invariance was not 
demonstrated, we used modification indices to free 
items from the restriction and assessed the Δ again.
The language equivalence of the SF-12v2 was further 
clinically assessed by examining the 90% confidence 
intervals (CIs) for the differences of the component and 
scale scores between the two language groups. Meas-
urement invariance in a component/scale was con-
cluded if the corresponding 90% CI for the difference 
between the two language versions entirely fell within 
the minimal clinically important difference of ± 3 units 
[19].
The statistical analysis was conducted in R version 
3.5.2 (R Foundation for Statistical Computing, Vienna, 
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Austria) and the Statistical Analysis System (SAS) Ver-
sion 9.4 (SAS Institute, Cary, NC).
Results
A total of 1052 subjects consented to participate in the 
study, of which, 1013 completed the SF-12v2. Their mean 
age was 21.9  years (SD = 5.63, range = 18 to 58). There 
were 496 (49%) participants who completed the Eng-
lish version. Table  1 summarizes the demographics of 
the participants. There were no significant differences in 
subject characteristics between those who completed the 
English version and those who completed the Chinese 
version. There were significant differences in PF, RP, SF, 
RE, and PCS of the SF-12v2. For the English version, the 
Cronbach’s alpha and McDonald’s omega of PCS were 
0.72 (95% CI 0.68 to 0.75) and 0.75 (95% CI 0.71, 0.78), 
respectively, while those of MCS were 0.83 (95% CI = 0.81 
to 0.86) and 0.84 (95% CI 0.81 to 0.86), respectively. For 
the Chinese version, the alpha and omega of PCS were 
0.68 (95% CI 0.64 to 0.72) and 0.72 (95% CI 0.69 to 0.75), 
respectively, while those of MCS were 0.82 (95% CI 0.80 
to 0.85) and 0.83 (95% CI 0.80 to 0.85), respectively.
A total of 1004 participants completed all items on 
the SF12v2. They were included in the evaluation of 
measurement invariance. The two-factor model of the 
SF-12v2 showed satisfactory fit, after adding error covari-
ances in the item pairs: Q2a–Q2b, Q3a–Q3b, Q4a–
Q4b, Q6b–Q6b and Q1–Q6b that were also identified 
Table 1 Characteristics of 1013 bilingual participants
PF physical function, RP role physical, BP bodily pain, GH general health, VT vitality, SF social function, RE role emotion, MH mental health, PCS physical component 
score, MCS mental component score
a Diabetes Mellitus, Gastrointestinal diseases, Heart diseases, Hypertension, Kidney or renal diseases, Liver diseases, Respiratory diseases, Stoke, others
English (n = 496) Chinese (n = 517) p value
N (%) or mean ± SD N (%) or mean ± SD
Age (years) 21.9 ± 5.9 21.8 ± 5.4 0.869
Gender (1 missing) 0.690
 Male 186 (37.5%) 200 (38.8%)
 Female 310 (62.5%) 316 (61.2%)
Marital status (1 missing) 0.968
 Single 461 (92.9%) 482 (93.4%)
 Cohabit 2 (0.4%) 2 (0.4%)
 Married 31 (6.3%) 31 (6.0%)
 Widow 1 (0.2%) 1 (0.2%)
 Divorced 1 (0.2%) 0 (0%)
Employment (1 missing)
 Student 410 (82.8%) 432 (83.6%) 0.337
 Full-time work 72 (14.5%) 80 (15.5%)
 Part-time work 6 (1.2%) 1 (0.2%)
 Job seeking 5 (1.0%) 3 (0.6%)
 Retired 2 (0.4%) 1 (0.2%)
Medical history (5 missing)
 No 438 (88.8%) 436 (84.7%) 0.314
 Yesa 55 (11.2%) 79 (15.3%)
SF-12v2
 PF (2 missing) 87.6 ± 22.3 93.5 ± 15.8 < 0.001
 RP (1 missing) 75.1 ± 22.3 78.0 ± 21.9 0.037
 BP (1 missing) 79.0 ± 24.5 76.2 ± 21.8 0.056
 GH (1 missing) 58.5 ± 23.6 57.6 ± 25.1 0.600
 VT (1 missing) 53.0 ± 21.4 51.5 ± 23.7 0.297
 SF (1 missing) 70.6 ± 23.0 81.0 ± 20.2 < 0.001
 RE (2 missing) 68.4 ± 23.4 64.5 ± 23.8 0.008
 MH (0 missing) 61.8 ± 17.5 62.8 ± 18.3 0.378
 PCS (9 missing) 50.9 ± 6.9 51.8 ± 6.4 0.030
 MCS (9 missing) 42.8 ± 9.4 42.8 ± 9.7 0.982
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in previous studies to have higher associations than 
other items. The corresponding values of the fit indices 
were RMSEA = 0.056, SRMR = 0.052, CFI = 0.99, and 
TLI = 0.99, with degrees of freedom (df) = 48.
After restricting the same factor structure across the 
two language groups, configural invariance was shown 
with df = 96, RMSEA = 0.062, SRMR = 0.044, CFI = 0.96, 
and TLI = 0.94. Table  2 summarizes the assessments 
of the higher levels of measurement invariance. Met-
ric invariance was demonstrated after further restric-
tion of equal factor loadings, with both ΔRMSEA and 
ΔCFI < 0.01. However, further restricting the equal inter-
cepts resulted in both ΔRMSEA and ΔCFI > 0.01. Hence, 
full scalar invariance was not shown. Large modification 
indices were found in Q2b, Q3b, Q4b, and Q7, which 
belonged to the PF, RP, RE, and SF scales, respectively. 
Freeing the corresponding intercepts showed partial sca-
lar invariance with both ΔRMSEA and ΔCFI < 0.01. Fur-
ther restriction on equal residual variances resulted in 
changes in RMSEA and CFI < 0.01, showing partial strict 
invariance.
Figure  1 shows the 90% CI for the differences of the 
SF-12v2 components and scales between the two lan-
guage groups. The PCS and MCS had their 90% CIs (0.21 
to 1.61 and −  1.00 to 0.98, respectively) fall within the 
equivalence range of ± 3. However, only the MH out of 
the eight scales had their 95% CIs fall within the equiva-
lence range.
Discussion
This is the first study that randomized a group of subjects 
who were bilingual in English and Chinese to assess the 
measurement invariance of the SF-12v2 between the two 
languages. In Hong Kong, although the native language 
is Chinese, English is a compulsory subject in primary 
and secondary schools and the medium of instruc-
tion at tertiary institutions. In 2011, 77% of the popula-
tion had been educated at least in a secondary school in 
English and should be able to read common English [20]. 
Hence, many people in Hong Kong can read both English 
and Chinese. The SF-12v2 would be applicable to them 
depending on their language preference.
The physical and mental components of the SF-12v2 
demonstrated very good measurement invariance with 
the corresponding confidence intervals falling well 
entirely within the equivalence range of ± 3. The MH 
scale also had its 90% confidence interval for the lan-
guage difference fall within the range. The other scales 
did not show measurement invariance. In particular, the 
PF, SF, and RE scales showed a clear violation of measure-
ment invariance. Indeed, large modification indices were 
observed in Q2b, Q3b, Q4b, and Q7 that belong to the PF, 
RP, RE, and SF scales, respectively. The violation of meas-
urement invariance in generally all the SF-12v2 scales is 
likely due to only one to two items per scale making the 
scales more vulnerable to the effect of differential func-
tioning items.
The SF-12v2 showed only partial strict invariance. 
Strict invariance is the highest level of measurement 
invariance that requires the equivalence of residual vari-
ance or measurement error across groups and is rarely 
attained in practice [21]. Indeed, strict invariance is 
often not taken as a pre-requisite for testing about the 
mean differences [11], while some suggested lack of strict 
invariance may lead to bias comparison [22]. To offer a 
more complete picture of the level of language equiva-
lence of the SF-12v2, we also examined the strict invari-
ance. Nevertheless, a literature review showed partial 
measurement invariance was concluded in one-third of 
the test [11]. In general, the statistical and conceptual 
consequences of partial measurement invariance are not 
well understood [11]. There appears to be no standard 
on the acceptable proportion of invariant items, despite 
the fact that certainly the higher the better. Neverthe-
less, it has been suggested that ideally more than half of 
the items should be invariant before the corresponding 
Table 2 Measurement invariance of the two-factor structure of the SF-12v2
RMSEA root mean square error of approximation, CFI comparative fit index
a After freeing the intercepts for items Q2b, Q3b, Q4b and Q7
Model Level of measurement invariance Degrees 
of freedom
χ2 statistic RMSEA CFI ΔRMSEA ΔCFI
M1: Same factor pattern 96 283.5 0.062 0.96 – –
M2: Same factor loadings, versus M1 Metric invariance 106 327.5 0.065 0.95 0.003 0.01
M3: Same factor loadings, intercepts, versus M2 Scalar invariance 116 513.4 0.083 0.91 0.018 0.04
M4: Same factor loadings, intercepts (partial),a versus 
M2
Partial scalar invariance 112 366.8 0.067 0.94 0.002 0.01
M5: Same factor loadings, intercepts (partial),a 
residual variances, versus M4
Partial strict invariance 124 446.8 0.072 0.93 0.005 0.01
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scale would be considered as invariant [23]. Among the 
four noninvariant items of the SF-12v2, two came from 
the physical component and the other two from the men-
tal component. Hence, there were 67% invariant items in 
both the physical and mental components. However, the 
single-item SF scale that included the noninvariant item 
Q7 is the only one that would not be considered invari-
ant. The PF, RP, and RE scales, each composed of only 
one invariant item out of two, would also not be consid-
ered invariant. These are also reflected in the between-
group comparisons. On the other hand, the BP, GH, VT, 
and MH scales would be considered invariant using the 
same suggested rule in the multiple-group CFA, but not 
in the between-group comparisons, except for the MH 
scale, which fell within the equivalence range. Incorpo-
rating clinical assessment by the equivalence range would 
add to the assessment of measurement invariance.
The use of equivalence range for establishing meas-
urement invariance has also been adopted in previous 
studies [24, 25]. The English and Chinese versions of 
the self-reported questionnaires the Functional Assess-
ment of Cancer Therapy-General (FACT-G), the Euro-
pean Organization for Research and Treatment of Cancer 
Core Quality of Life Questionnaire (EORTC QLQ-C30), 
and the Repeatable Battery for the Assessment of Neu-
ropsychological Status (RBANS) were shown to be gen-
erally equivalent by using the equivalence ranges defined 
as ± 0.25 standard deviation (SD) that corresponds to a 
small Cohen effect size. We chose to use the previously 
reported minimally important difference of the SF-12v2 
to ensure direct comparison with the reported minimally 
important difference. Nevertheless, the two approaches 
gave essentially the same conclusions in our application. 
However, the use of randomization in our study avoids 
the need of adjustment for other between-group differ-
ences as in the previous studies.
A cross-over design may be more appealing for dem-
onstrating equivalence, since each individual serves as 
his or her own control, and it requires a smaller sample 
size. We adopted a between-subject randomized design 
to minimize the burden of administering a long question-
naire and participants’ possible annoyance in responding 
to questions of the same content although in different 
languages. Moreover, the wash-out period would need 
to be long enough to avoid recall of the first response, 
but it would increase the administrative difficulty as 
Fig. 1 Language equivalence of SF-12v2. The error bars are the 90% confidence intervals for the differences between the two language groups
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participants would be unlikely to wait long before com-
pleting the questionnaire again. On the other hand, our 
target of bilingual individuals should have resulted in a 
relatively younger sample with an average age of around 
22 years, despite our sample included individuals as old 
as 58 years. Since the use of multiple-group CFA is sam-
ple dependent, our results may not be generalized to the 
older group and further studies are desirable. Further-
more, we have not evaluated the criterion validity of the 
SF-12v2 by comparing it against the full version SF-36. 
However, given both the English and Chinese versions 
of SF-12v2 have been well tested against the correspond-
ing SF-36 [5, 6], the potential influence of the concern of 
criterion validity in our comparisons would be minimal. 
Finally, we have not assessed the measurement invariance 
of the two language versions when they are used in their 
corresponding cultural groups. Further studies for assess-
ing the possible cultural influences would be desirable.
Conclusions
The physical and mental component scores of the SF-
12v2 demonstrated high measurement invariance 
between the English and Chinese versions. These tools 
can be used in multilingual studies for assessing the 
physical and mental components of the quality of life in 
adults.
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